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(54) EXPOSURE APPARATUS AND METHOD FOR MANUFACTURING DEVICE 



(57) '■' An exposure apparatus which performs an ex- 
posure while filling a space between a projection optical 
system and a substrate with a liquid, and in which dete- 
rioration of a device caused by adherent liquid on the 
substrate is suppressed is provided. A device manufac- 
turing system (SYS) includes a main body of an expo- 
sure apparatus (EX) which fills a space between a pro- 
jection optical system (PL) and a substrate (P)with a liq- 
uid (50) and projects an image of a pattern onto the sub- 



strate (P) via the projection optical system (PL) and the 
liquid (50); an interface section (IF) which is arranged 
between the exposure apparatus main body (EX) and a 
coater/developer main body (C/D) which processes the 
substrate (P) after exposure; and a liquid-removing unit 
(ICQ) which removes the liquid (50) adhering to the sub- 
strate (P) before the exposed substrate (P) is trans- 
ferred into the coater/developer main body (C/D) 
through the interface section (IF). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an exposure 5 
apparatus for exposing a substrate with a pattern image 
projected by a projection optical system while filling, with 
a liquid, at least a part of a space between the projection 
optical system and the substrate. The present invention 
also relates to a liquid-removing apparatus to be used 
for the Exposure apparatus, and a method for producing 
a device based on the use of the exposure apparatus. 

BACKGROUND ART 

[0002] Semiconductor devices and liquid crystal dis- 
play devices are produced by the so-called photolithog- 
raphy technique in which a pattern formed on a mask is 
transferred onto a photosensitive substrate. The expo- 
sure apparatus, which is used in the photolithography 
step, includes a mask stage for supporting the mask and 
a substrate stage for supporting the substrate. The pat- 
tern on the mask is transferred onto the substrate via a 
projection optical system while successively moving the 
mask stage and the substrate stage. In recent years, it 
is demanded to realize the higher resolution of the pro- 
jection optical system in order to respond to the further 
advance of the higher integration of the device pattern. 
As the exposure wavelength to be used becomes short- 
er, the resolution of the projection optica! system is high- 
er. As *he numerical aperture of the projection optical 
system becomes larger, the resolution of the projection 
optical system is higher. Therefore, the exposure wave- 
length, which is used for the exposure apparatus, is 
shortened year by year, and the numerical aperture of 
the projection optical system is increased as well. The 
exposure wavelength, which is dominantly used at 
present, is 248 nm of the KrF excimer laser. However, 
the exposure wavelength of 193 nm of the ArF excimer 
laser, which is shorter than the above, is also practically 
used iQ some situations. When the exposure is per- 
formed, the depth of focus (DOF) is also important in the 
same manner as the resolution. The resolution R and 
the depth of focus 5 are represented by the following 
expressions respectively. 

R = k1UNA (1) 

5 = ±k2X/NA^ (2) 

[0003] In the expressions, X represents the exposure 
wavelength, NA represents the numerical aperture of 
the projection optical system, and k1 and k2 represent 
the process coefficients. According to the expressions 
(1) and (2), the following fact is appreciated. That is, 



when the exposure wavelength X is shortened and the 
numerical aperture NA is increased in order to enhance 
the resolution R, then the depth of focus 5 is narrowed. 
[0004] If the depth of focus 6 is too narrowed, it is dif- 
ficult to match the substrate surface with respect to the 
image plane of the projection optical system. It is feared 
that the rnargin is insufficient during the exposure oper- 
ation. Accordingly, the liquid immersion method has 
been suggested, which is disclosed, for example, in In- 
ternational Publication No. 99/49504 as a method for 
substantially shortening the exposure wavelength and 
widening the depth of focus. In this liquid immersion 
method, the space between the lower surface of the pro- 
jection optical system and the substrate surface is filled 
with a liquid such as water or any organic solvent to uti- 
lize the fact that the wavelength of the exposure light 
beam in the liquid is 1/n as compared with that in the air 
(n represents the refractive index of the liquid, which is 
about 1 .2 to 1 .6 in ordinary cases) so that the resolution 
is improved and the depth of focus is magnified about n 
times. 

[0005] When the substrate is subjected to the expo- 
sure process by using the liquid immersion method, the 
liquid remains In some cases on the surface of the sub- 
strate after the exposure process. If the substrate is 
transported in a state in which the remaining liquid ad- 
heres to the substrate, then the liquid falls from the sub- 
strate during the transport, and inconveniences arise, 
for example, such that respective apparatuses and 
members, which are disposed around the transport pas- 
sage, become rusty due to the fallen liquid, and/or the 
cleanness cannot be maintained in the environment in 
which the exposure apparatus is an^nged. In other cas- 
es, the environmental change (humidity change) is 
caused by the fallen liquid around the exposure appa- 
ratus. If the humidity change is caused, the following 
problems arise. That is, for example, any fluctuation 
arises in the air on the optical path of the optical inter- 
ferometer which is to be used to measure the position 
of the stage. The position of the stage is not measured 
accurately, and it is impossible to obtain any desired pat- 
tern transfer accuracy. Further, for example, if the de- 
velopment process is executed in a state In which the 
liquid adheres to the substrate after the exposure proc- 
ess, it is feared that any device having desired perfonn- 
ance cannot be produced. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been made taking 
the foregoing circumstances into consideration, an ob- 
ject of which is to provide an apparatus which is capable 
of suppressing the device deterioration caused by the 
liquid adhered to a substrate after the exposure when 
the exposure process is performed while filling the 
space between the projection optical system and the 
substrate with the liquid, an exposure apparatus in 
which the apparatus is incorporated, and a method for 
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producing a device based on the use of the exposure 
apparatus. 

[0007] In order to solve the problems as described 
above, the present invention adopts the following fea- 
tures corresponding to Figs. 1 to 1 5 as illustrated In em- 5 
bodiments. However, parenthesized symbols affixed to 
respective elements merely exemplify the elements, 
with which it is not intended to limit the respective ele- 
ments. 

[0008], According to a first aspect of the present inven- 
tion, there is provided an exposure apparatus (EX) for 
transferring an image of a pattern via a liquid (50) onto 
a substrate (P) to expose the substrate (P) therewith, 
the exposure apparatus (EX) comprising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate (P); 
a connecting section (IF) which is connected to a 
processing apparatus (C/D) for processing the ex- 
posed substrate (P); and 

a liquid-removing unit (100. 22, 33, 34) which re- 
moves the liquid (50) adhered to the substrate (P) 
before the substrate (P) is transported to the 
processing apparatus (C/D) through the connecting 
section (IF). 

[0009] According to the present invention, the liquid- 
removing unit is provided, which removes the liquid ad- 
hered to the substrate before the substrate is transport- 
ed to the processing apparatus which performs a pre- 
detenrfined process for the substrate to which the expo- 
sure process has been applied. Accordingly, the prede- 
termined process can be performed for the substrate in 
a state in which the liquid is removed. Therefore, it is 
possible to produce a device having desired perform- 
ance. 

[0010] According to a second aspect of the present 
invention, there is provided an exposure apparatus (EX) 
for transferring an image of a pattern via a liquid (50) 
onto a substrate (P) to expose the substrate (P) there- 
with, the exposure apparatus (EX) comprising: 

a projection optical system (PL) which projects the 
Image of the pattern onto the substrate (P); 
a liquid-removing unit (100, 22, 33, 34) which re- 
moves the liquid (50) adhered to the substrate (P); 
a first transport member (H2, 43) which transports 
the exposed substrate (P) to the liquid-removing 
unit (100. 22, 33, 34); and 
a second transport member (H3, 44) which trans- 
ports, from the liquid-removing unit (100, 22, 33, 
34), the substrate (P) from which the liquid (50) has 
been removed by the liquid-removing unit (100, 22. 
33, 34). 

[0011] According to the present invention, the liquid- 
removing unit is provided, which removes the liquid for 
the exposure adhered to the substrate after the expo- 



sure for the substrate. Therefore, it is possible to sup- 
press the occurrence of Inconveniences which would be 
otherwise caused, for example, such that the liquid falls 
from the substrate during the transport of the liquid, re- 
sulting in the environmental change. In this arrange- 
ment, the substrate, which has been subjected to the 
exposure process by the liquid immersion method and 
to which the liquid is adhered, can be transported to the 
liquid-removing unit by the first transport member. Fur- 
ther, the substrate, from which the liquid has been re- 
moved by the liquid-removing unit. Is transported by the 
second transport member which is provided separately 
from the first transport member. Accordingly, it is possi- 
ble to transport the substrate to a predetermined posi- 
tion in a state in which no liquid Is adhered to the sub- 
strate. In the present invention, It Is preferable that at 
least a part of a surface of the first transport member Is 
liquid-repellent. 

[0012] According to a third aspect of the present in- 
vention, there is provided an exposure apparatus (EX) 
for transferring an image of a pattern via a liquid (50) 
onto a substrate (P) to expose the substrate (P) there- 
with, the exposure apparatus (EX) comprising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate (P); 
a transport system (H) which transports the ex- 
posed substrate (P); and 

a liquid-removing unit (1 00. 22, 33, 34) which is pro- 
vided on a transport passage for the substrate (P) 
and which removes the liquid (50) adhered to the 
substrate (P), wherein: 

the liquid-removing unit (100, 22, 33, 34) has a 
cover (25. 30, 40) which covers at least a part 
of surroundings of the substrate (P) so that the 
liquid (50) is prevented from being scattered 
when the liquid (50) is removed. 

[0013] According to the present Invention, the liquid- 
removing unit, which removes the liquid for the exposure 
adhered to the substrate, is provided at an intermediate 
position of the transport passage of the transport system 
for transporting the substrate. Accordingly, it is possible 
to simultaneously perform the exposure process exe- 
cuted by the exposure apparatus (main body of expo- 
sure apparatus) and the liquid-removing process exe- 
cuted by the liquid-removing unit provided at the inter- 
mediate position of the transport passage. Therefore, it 
is possible to execute the respective processes without 
degrading the throughput. In this arrangement, the liq- 
uid-removing unit is provided with the cover mechanism 
which avoids the scattering of the liquid. Accordingly, it 
is possible to avoid the scattering of the liquid to the sur- 
roundings of the transport passage. Therefore, It is pos- 
sible to avoid the environmental change such as the hu- 
midity change and the occurrence of rust or the like on 
the apparatus. In the present invention, it is preferable 
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that the cover mechanism Includes a chamber. 
[0014] In the exposure apparatuses according to the 
first to third aspects described above, it is preferable that 
the liquid-removing unit includes a washing unit which 
washes the substrate after the exposure, and a washing 
liquid adhered to the substrate Is removed after the sub- 
strate is washed by the washing unit. 
[001 5] According to a fourth aspect of the present In- 
vention, there is provided an exposure apparatus (EX) 
for transferring an image of a pattern via a liquid (50) 
onto a substrate (P) to expose the substrate (P) there- 
with, the exposure apparatus (SYS. EX) comprising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate (P); 
a substrate stage (PST) which holds the substrate 
(P); and 

a liquid-removing unit (22) which removes the liquid 
(50) adhered to the substrate (P) before the ex- 
posed substrate (P) is exported from the substrate 
stage (PST). 

[0016] According to the present Invention, the liquid, 
which is adhered to the substrate, is removed before the 
substrate is exported from the substrate stage on which 
the exposure process Is performed. Accordingly, it is 
possible to suppress the occurrence of inconveniences 
which would be othen^/lse caused such that the liquid 
falls from the substrate during the transport of the sub- 
strate. ^ 

[0017] In the exposure apparatuses according to the 
first to fourth aspects described above, it is also prefer- 
able that the substrate, to which the liquid Is adhered, 
is transported while being inclined by a predetermined 
angle with respect to a horizontal plane after the expo- 
sure. Further, the liquid-removing unit may remove the 
liquid from the substrate by blowing off, suction, and/or 
drying. 

[0018] According to a fifth aspect of the present inven- 
tion, there is provided an exposure apparatus (EX) for 
transferring an image of a pattern via a liquid (50) onto 
a substrate (P) to expose the substrate (P) therewith, 
the exposure apparatus (SYS, EX) comprising: 

a projection optical system (PL) which projects the 
Image of the pattern onto the substrate (P); 
a transport system (H) which transports the ex- 
posed substrate (P); and 

a liquid-processing mechanism which processes 
the liquid (50) fallen from the substrate (P) after the 
exjjosure and which is arranged under at least a 
part of a transport passage for the substrate (P). 

[0019] According to the present invention, when the 
substrate after the exposure is transported by using the 
transport system, even if the liquid is adhered to the sub- 
strate, then the liquid, which has fallen from the sub- 
strate during the transport, Is processed by using the 



liquid-processing mechanism, and thus it is possible to 
avoid the scattering of the liquid to the surroundings of 
the transport passage. Therefore, It is possible to avoid 
the environmental change such as the humidity change 

5 and the occurrence of rust or the like on the apparatus. 
The liquid-processing mechanism may include a gutter 
member which is arranged under at least a part of the 
transport passage, and a discharge mechanism which 
discharges the liquid recovered by the gutter member. 

10 [0020] According to a sixth aspect of the present in- 
vention, there is provided an exposure apparatus (EX) 
for transferring an image of a pattern via a liquid (50) 
onto a substrate (P) to expose the substrate (P) there- 
with, the exposure apparatus (EX) comprising: 

15 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate (P); and 
a washing unit (150) which washes the exposed 
substrate (P) before the substrate (P) is exported to 
20 a processing apparatus (C/D) which processes the 
exposed substrate (P), 

[0021] According to the present Invention, foreign 
matters or the like, which adhere to the surface of the 

25 substrate during the liquid immersion exposure or dur- 
ing the transport of the substrate after the exposure, can 
be washed out. It is possible to feed the clean substrate. 
In particular, when the liquid, which is used for the liquid 
immersion exposure, is a liquid other than water, for ex- 

30 ample, any organic liquid such as cedarwood oil or flu- 
orine-based oil, it is desirable to remove such a liquid 
by using the washing unit so as not to affect the process 
for the substrate to be performed thereafter. 
[0022] According to a seventh aspect of the present 

35 invention, there is provided an exposure apparatus (EX) 
for transferring an image of a pattern via a liquid (50) 
onto a substrate (P) to expose the substrate (P) there- 
with, the exposure apparatus (SYS, EX) comprising: 

40 a projection optical system (PL) which projects the 
image of the pattern onto the substrate (P); 
a first transport member (H2, 43) which transports 
the substrate (P) to which the liquid is adhered; and 
a second transport member (HI, H3, 44) which 

45 transports the substrate (P) to which the liquid is not 
adhered. 

[0023] According to the present invention, the first 
transport member for transporting the substrate to which 

50 the liquid is adhered and the second transport member 
for transporting the substrate to which the liquid is not 
adhered are separately used. Therefore, it is possible 
to avoid the adhesion of the liquid to the second trans- 
port member and/or the adhesion of the liquid to the sub- 

55 strate transported by the second transport member. 
Thus, it is possible to suppress the diffusion and the 
scattering of the liquid. 

[0024] According to an eighth aspect of the present 
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Invention, there is provided an exposure apparatus (EX) 
for exposing a substrate (P) by radiating an exposure 
light beam onto the substrate (P) via a liquid (50). the 
exposure apparatus (SYS, EX) comprising: 

a first holding member (PST1) which is movable 
while holding the substrate; 
a second holding member (PST2) which is movable 
while holding another substrate; and 
a liquid-removing unit (10, 30) which removes the 
liquid adhered to the substrate for which the expo- 
sure is completed and which is held by the second 
holding member when the substrate, which is held 
by the first holding member, Is subjected to the ex- 
posure. 

[0025] According to the present invention, at least 
parts of the exposure process for the substrate held by 
one holding member and the liquid-removing process 
for the'substrate after the exposure held by the other 
holding member are performed concurrently. Accord- 
ingly, it is possible to suppress the decrease in the 
throughput which would be othenwise accompanied by 
the liquid-removing process. 

[0026] According to a ninth aspect of the present in- 
vention, there is provided a liquid-removing apparatus 
(100) to be used together with an exposure apparatus 
(EX) for transferring an image of a pattem via a liquid 
(50) onto a substrate (P) to expose the substrate (P) 
therewith, the liquid-removing apparatus comprising: 

a holding section (21, 36, 43) which holds the ex- 
posed substrate (P); and 

a liquid-removing mechanism (22, 33, 34, 37, 38) 
which removes the liquid (50) for the exposure ex- 
isting on the substrate (P). 

[0027] According to a tenth aspect of the present In- 
vention, there is provided an exposure system compris- 
ing the exposure apparatus of the present invention; and 
a processing apparatus which processes an exposed 
substrate. The processing apparatus may include at 
least one of a coating unit which coats a base member 
of the substrate with a photosensitive material, and a 
developing unit which develops the exposed substrate. 
[0028] The present invention provides a method for 
producing a device, comprising using the exposure ap- 
paratus according to each of the aspects described 
above. According to the present invention, it is possible 
to suppress the change of the environment of the expo- 
sure process resulting from the liquid adhered to the 
substrate and the Influence exerted on a predetermined 
process (for example, the developing process) for the 
substrate after the exposure process. Therefore, it is 
possible to produce a device having desired perform- 
ance. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

5 Fig, 1 shows a schematic arrangement illustrating 
an embodiment of a device-producing system as an 
exposure apparatus of the present invention. 
Fig. 2 shows a view Illustrating those shown in Fig. 
1 as viewed from an upper position. 

10 Fig. 3 shows a schematic arrangement illustrating 
an embodiment of a main body of an exposure ap- 
paratus to perform the exposure process. 
Fig. 4 shows an exemplary arrangement of supply 
nozzles and recovery nozzles. 

15 Fig. 5 shows a schematic arrangement illustrating 
an embodiment of a liquid-removing unit according 
to the present invention. 

Fig. 6 shows a schematic arrangement illustrating 
another embodiment of a liquid-removing unit ac- 

20 cording to the present invention. 

Figs. 7(a) and 7(b) show a schematic arrangement 
illustrating still another embodiment of a liquid-re- 
moving unit according to the present invention. 
Fig. 8 shows a schematic arrangement illustrating 

25 still another embodiment of a liquid-removing unit 
according to the present invention. 
Fig. 9 shows a schematic arrangement illustrating 
still another embodiment of a liquid-removing unit 
according to the present invention. 

30 Fig. 1 0 shows a schematic arrangement illustrating 
still another embodiment of a liquid-removing unit 
according to the present invention. 
Fig. 11 shows a schematic arrangement Illustrating 
still another embodiment of a liquid-removing unit 

35 according to the present invention. 

Fig. 12 shows a schematic arrangement illustrating 
still another embodiment of a liquid-removing unit 
according to the present invention. 
Fig. 1 3 shows another embodiment of a device-pro- 

40 ducing system as an exposure apparatus of the 
present invention. 

Fig. 14 shows still another embodiment of a device- 
producing system as an exposure apparatus of the 
present invention. 
45 Fig. 15 shows a flow chart illustrating exemplary 
steps of producing a semiconductor device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 First Embodiment 

[0030] The exposure apparatus and the method for 
producing the device according to the present Invention 
will be explained below with reference to the drawings. 
55 Fig. 1 shows a schematic arrangement as viewed from 
a side position, illustrating an embodiment of a device- 
producing system provided with an exposure apparatus 
of the present Invention. Fig. 2 shows a view Illustrating 
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those shown in Fig. 1 as viewed from an upper position. 
[0031] With reference to Figs. 1 and 2, the device-pro- 
ducing system SYS includes an exposure apparatus 
EX-SYS and a coater-developer apparatus C/D-SYS. 
The exposure apparatus EX-SYS includes an Interface 5 
section IF which forms a connecting section with respect 
to the coater-developer apparatus C/D-SYS. a main 
body of the exposure apparatus EX which projects an 
Image of a pattern onto a substrate P via a projection 
optical system PL and a liquid 50 to expose the sub- io 
strate P while filling the space between the projection 
optical system PL and the substrate P with the liquid 50, 
a transport system H which transports the substrate P 
between the interface section IF and the main body of 
exposure apparatus EX, a liquid-removing unit 100 ^5 
which is provided at an intermediate position of a trans- 
port passage of the transport system H and which re- 
moves the liquid adhered to the substrate P after the 
exposure process, and a control unit CONT which col- 
lectively controls the entire operation of the exposure 20 
apparatus EX-SYS. The coater-developer system C/ 
D-SYS includes a coating unit C which coats a base 
member of the substrate P to be subjected to the expo- 
sure process with a photoresist (photosensitive agent), 
and a developing unit (processing unit) D which per- 25 
forms the developing process for the substrate P after 
being subjected to the exposure process performed by 
the main body of exposure apparatus EX. The main 
body 0/ exposure apparatus EX is arranged in a first 
chamber unit CH1 in which the cleanness is managed. 30 
On the other hand, the coating unit C and the developing 
unit D are arranged in a second chamber unit CH2 which 
Is provided separately from the first chamber unit CH1 . 
The first chamber unit CH 1 for accommodating the main 
body of exposure apparatus EX and the second cham- 35 
ber unit CH2 for accommodating the coating unit C and 
the developing unit D are connected by the interface 
section IF. In the following description, the coating unit 
C and the developing unit D, which are accommodated 
in the second chamber unit CH2, are appropriately re- 40 
fen-ed to as "main coater-developer body C/D" in com- 
bination. 

[0032] As shown in Fig. 1 , the main body of exposure 
apparatus EX includes an illumination optical system IL 
which illuminates a mask M supported by a mask stage ^5 
MST with an exposure light beam EL, a projection opti- 
cal system PL which projects an image of a pattern of 
the mask M illuminated with the exposure light beam EL 
onto the substrate R and a substrate stage PST which 
supports the substrate P. The main body of exposure 50 
apparatus in this embodiment adopts the so-called twin- 
stage system which includes the two substrate stages 
PST1, PST2. Specified constructions of the twin-stage 
system are disclosed in literatures including, for exam- 
ple, Japanese Patent Application Laid-open Nos. 55 
10-163099 and 10-214783, Published Japanese Trans- 
lation of PCT International Publication for Patent Appli- 
cation No. 2000-505958. and United States Patent Nos. 



6,341,007, 6,400,441, 6.549,269. and 6,590,634. and 
reference may be made thereto. United States Patents 
described above are incorporated herein by reference 
within a range of permission of the domestic laws and 
ordinances of the state designated or selected in this 
international application. In the present invention, it is 
possible to adopt the twin-stage system disclosed in any 
one of the literatures described above. The main body 
of exposure apparatus EX in this embodiment is a scan- 
ning type exposure apparatus (so-called scanning step- 
per) in which the substrate P is exposed with the pattern 
formed on the mask M while synchronously moving the 
mask M and the substrate P in mutually different direc- 
tions (opposite directions) in the scanning directions. In 
the following explanation, the X axis direction resides in 
the synchronous movement direction (scanning direc- 
tion) for the mask M and the substrate P in the horizontal 
plane, the Y axis direction resides In the direction (non- 
scanning direction) perpendicular to the X axis direction 
in the horizontal plane, and the Z axis direction resides 
in the direction which is perpendicular to the X axis and 
the Y axis directions and which is coincident with the 
optical axis AX of the projection optical system PL. The 
directions about the X axis, the Y axis, and the Z axis 
are designated as OX, GY, and ez directions respectively. 
The term "substrate" referred to herein includes those 
obtained by coating a semiconductor wafer with a resist, 
and the temi "mask" Includes a reticle formed with a de- 
vice pattern to be subjected to the reduction projection 
onto the substrate. 

[0033] The transport system H includes a first trans- 
port unit HI which imports (loads) the substrate P before 
being subjected to the exposure process to the sub- 
strate stage PST, a second transport unit H2 which ex- 
ports (unloads) the substrate P after being subjected to 
the exposure process from the substrate stage PST and 
which transports the substrate P to the liquid-removing 
unit 100, and a third transport unit H3 which transports 
the substrate P between the liquid-removing unit 100 
and the interface section IF. The first, second, and third 
transport units HI , H2, and H3 are provided in the first 
chamber unit CHI. The substrate P. which is subjected 
to the coating process of the photoresist by the main 
coater-developer body C/D (coating unit C), is delivered 
to the third transport unit H3 via the interface section IF. 
In this embodiment, an opening and a shutter for open- 
ing/closing the opening are provided at a portion of each 
of the first and second chamber units CHI , CH2 to face 
the interface section IF. The shutter is opened during the 
operation for transporting the substrate P to the inter- 
face section IF. The third transport unit H3 delivers the 
substrate P before being subjected to the exposure 
process to the first transport unit HI via the liquid-re- 
moving unit 1 00. When the substrate P Is delivered from 
the third transport unit H3 to the first transport unit HI , 
the substrate P may be delivered to the first transport 
unit HI via an unillustrated another transport unit and/ 
or a relay unit without passing through the liquid-remov- 
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Ing unit 100. The first transport unit H1 loads the deliv- 
ered substrate P to the substrate stage PST of the main 
body of exposure apparatus EX. The substrate P after 
being subjected to the exposure process is unloaded 
from the substrate stage PST by the aid of the second 5 
transport unit H2. The second transport unit H2 delivers 
the unloaded substrate P to the third transport unit H3 
via the liquid-removing unit 100. The substrate P, which 
has been transported by the third transport unit H3, is 
carried to the main coater-developer body C/D (devel- 
oping unit D) via the interface section IF. The developing 
unit D applies the developing process to the delivered 
substrate P. 

[0034] The first transport unit H1, which imports the 
substrate P that is not wet before being subjected to the 
exposure process to the substrate stage PST, is used 
separately from the second transport unit H2 which ex- 
ports the substrate P that Is possibly wet after being sub- 
jected to the exposure process from the substrate stage 
PST Therefore, the liquid is not adhered to the first 
transport unit (transport member) HI . It is possible to 
avoid the adhesion of the liquid, for example, to the back 
surface of the substrate P to be transported by the first 
transport unit H1. 

[0035] Fig. 3 shows a schematic arrangement of the 
main body of the exposure apparatus EX. The illumina- 
tion optical system IL Is used so that the mask M, which 
Is supported on the mask stage MST, is illuminated with 
the exposure light beam EL. The illumination optical sys- 
tem IL includes, for example, an exposure light source, 
an optical Integrator which uniformlzes the illuminance 
of the light flux radiated from the exposure light source, 
a condenser lens which collects the exposure light beam 
EL supplied from the optical integrator, a relay lens sys- 
tem, and a variable field diaphragm which sets the illu- 
mination area on the mask M illuminated with the expo- 
sure light beam EL to be slit-shaped. The predetermined 
illumination area on the mask M is Illuminated with the 
exposure light beam EL having a uniform illuminance 
distribution by the illumination optical system IL. Those 
usable as the exposure light beam EL radiated from the 
illumination optical system IL include, for example, 
bright lines (g-ray, h-ray, i-ray) in the ultraviolet region 
radiated, for example, from a mercury lamp, far ultravi- 
olet light beams (DUV light beams) such as the KrF ex- 
cimer laser beam (wavelength: 248 nm). and vacuum 
ultraviolet light beams (VUV light beams) such as the 
ArF excimer laser beam (wavelength: 193 nm) and the 
F2 laser beam (wavelength: 157 nm). In this embodi- 
ment, the ArF excimer laser beam is used. 
[0036] The mask stage MST supports the mask M. 
The mask stage MST is two-dimensionally movable in 
the plane perpendicular to the optical axis AX of the pro- 
jection optical system PL, i.e., in the XY plane, and it is 
finely rotatable in the 8Z direction. The mask stage MST 
is driven by a mask stage-driving unit MSTD such as a 
linear motor. The mask stage-driving unit MSTD is con- 
trolled by the control unit CONT. The position in the two- 



dimensional direction and the angle of rotation of the 
mask M on the mask stage MST are measured In real- 
time by a laser interferometer. The result of the meas- 
urement is outputted to the control unit CONT. The con- 
trol unit CONT drives the mask stage-driving unit MSTD 
on the basis of the result of the measurement obtained 
by the laser interferometer to thereby position the mask 
M supported on the mask stage MST. 
[0037] The projection optical system PL projects the 
pattern on the mask M onto the substrate P at a prede- 
termined projection magnification P to perform the ex- 
posure. The projection optical system PL includes a plu- 
rality of optical elements (lenses). The optical elements 
are supported by a barrel PK as a metal member. In this 
embodiment, the projection optical system PL is based 
on the reduction system having the projection magnifi- 
cation p which is, for example. 1/4 or 1/5. The projection 
optical system PL may be any one of the 1x magnifica- 
tion system and the magnifying system. Alternatively, 
the projection optical system PL may be composed of 
mirrors. The optical element (lens) 60 is exposed from 
the barret PK on the side of the tip (on the side of the 
substrate P) of the projection optical system PL of this 
embodiment. The optical element 60 is provided detach- 
ably (exchangeably) with respect to the barrel PK. 
[0038] The substrate stage PST supports the sub- 
strate P. The substrate stage PST includes a Z stage 51 
which retains the substrate P by the aid of a substrate 
holder, an XY stage 52 which supports the Z stage 51, 
and a base 53 which supports the XY stage 52. The sub- 
strate stage PST is driven by a substrate stage-driving 
unit PSTD such as a linear motor. The substrate stage- 
driving unit PSTD is controlled by the control unit CONT. 
When the Z stage 51 is driven, the substrate P, which is 
retained on the Z stage 51 , is subjected to the control of 
the position (focus position) in the Z axis direction and 
the positions in the eX and BY directions. When the XY 
stage 52 is driven, the substrate P Is subjected to the 
control of the position in the XY directions (position in 
the directions substantially parallel to the image plane 
of the projection optical system PL). That is, the Z stage 
51 controls the focus position and the angle of inclination 
of the substrate P so that the surface of the substrate P 
is adjusted to match the image plane of the projection 
optical system PL in the auto-focus manner and the au- 
to-leveling manner. The XY stage 52 positions the sub- 
strate P in the X axis direction and the Y axis direction. 
It goes without saying that the Z stage and the XY stage 
may be provided as an integrated body. 
[0039] A movement mirror 54 is provided on the sub- 
strate stage PST (Z stage 51 ). A laser interferometer 55 
is provided at a position opposed to the movement mir- 
ror 54. The angle of rotation and the position in the two- 
dimensional direction of the substrate P on the substrate 
stage PST are measured in real-time by the laser inter- 
ferometer 55. The result of the measurement is output- 
ted to the control unit CONT. The control unit CONT 
drives the substrate stage-driving unit PSTD on the ba- 
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sis of the result of the measurement of the laser Inter- 
ferometer 55 to thereby position the substrate P sup- 
ported on the substrate stage PST 
[0040] In this embodiment, the liquid immersion meth- 
od is applied in order that the resolution is improved by 5 
substantially shortening the exposure wavelength and 
the depth of focus Is substantially widened. Therefore, 
the space between the surface of the substrate P and 
the tip surface (lower surface) 7 of the optical element 
(lens) 60 of the projection optical system PL on the side 
of the substrate P is filled with the predetermined liquid 
50 at least during the period in which the image of the 
pattern on the mask M is transfenred onto the substrate 
P. As described above, the lens 60 is exposed on the tip 
side of the projection optical system PL, and the liquid 
50 is allowed to make contact with only the lens 60. Ac- 
cordingly, the barrel PK composed of the metal is pre- 
vented from any corrosion or the like. In this embodi- 
ment, pure water is used for the liquid 50. The exposure 
light beam EL, which is not limited to only the ArF excl- 
mer laser beam, can be transmitted through pure water, 
even when the exposure light beam EL is, for example, 
the bright line (g-ray, h-ray, i-ray) in the ultraviolet region 
radiated, for example, from a mercury lamp or the far 
ultraviolet light beam (DUV light beam) such as the KrF 
excimer laser beam (wavelength: 248 nm). 
[0041] The main body of the exposure apparatus EX 
Includes a liquid supply unit 1 which supplies the prede- 
termined liquid 50 to the space 56 between the substrate 
P and the tip surface (end surface of the lens 60) 7 of 
the projection optical system PL, and a liquid recovery 
unit 2 which recovers the liquid 50 from the space 56. 
The liquid supply unit 1 is provided to fill at least a part 
of the space between the projection optical system PL 
and the substrate P with the liquid 50. The liquid supply 
unit 1 includes, for example, a tank for accommodating 
the liquid 50, and a pressurizing pump. One end of a 
supply-tube 3 is connected to the liquid supply unit 1. 
Supply nozzles 4 are connected to the other end of the 
supply tube 3. The liquid supply unit 1 supplies the liquid 
50 to the space 56 via the supply tube 3 and the supply 
nozzles 4. 

[0042] The liquid recovery unit 2 includes, for exam- 
ple, a suction pump, and a tank for accommodating the 
recovered liquid 50. One end of a recovery tube 6 is con- 
nected to the liquid recovery unit 2. Recovery nozzles 5 
are connected to the other end of the recovery tube 6. 
The liquid recovery unit 2 recovers the liquid 50 from the 
space 56 via the recovery nozzles 5 and the recovery 
tube 6. When the space 56 is filled with the liquid 50, 
then the control unit CONT drives the liquid supply unit 
1 so that the liquid 50, which is in a predetermined 
amount per unit time, Is supplied to the space 56 via the 
supply tube 3 and the supply nozzles 4, and the control 
unit CONT drives the liquid recovery unit 2 so that the 
liquid 50, which is in a predetermined amount per unit 
time, is recovered from the space 56 via the recovery 
nozzles 5 and the recovery tube 6. Accordingly, the liq- 



uid 50 is arranged in the space 56 between the substrate 
P and the tip surface 7 of the projection optical system 
PL 

[0043] The lens 60, which is disposed at the lowest 
end of the projection optical system PL, is formed to 
have a rectangular shape which is long in the Y axis di- 
rection (non-scanning direction) while remaining only 
the portion required for the end portion 60A in the scan- 
ning direction. During the scanning exposure, a pattern 
image of a part of the mask M is projected onto the rec- 
tangular projection area disposed just under the end 
portion 60A. The mask M is moved at the velocity V in 
the -X direction (or in the +X direction) with respect to 
the projection optical system PL, in synchronization with 
which the substrate P is moved at the velocity p»V (P is 
the projection magnification) in the +X direction (or in 
the -X direction) by the aid of the XY stage 52. After the 
completion of the exposure for one shot area, the next 
shot area is moved to the scanning start position in ac- 
cordance with the stepping of the substrate P. The ex- 
posure process is successively performed thereafter for 
each of the shot areas in the step-and-scan manner. 
This embodiment is designed so that the liquid 50 is al- 
lowed to flow in the same direction as the movement 
direction of the substrate in parallel to the movement di- 
rection of the substrate P. 

[0044] Fig. 4 shows the positional relationship among 
the end portion 60A of the lens 60 of the projection op- 
tical system PL, the supply nozzles 4 (4A to 4C) for sup- 
plying the liquid 50 in the X axis direction, and the re- 
covery nozzles 5 (5A. 5B) for recovering the liquid 50. 
In Fig. 4, the end portion 60A of the lens 60 has a rec- 
tangular shape which is long in the Y axis direction. The 
three supply nozzles 4A to 40 are arranged on the side 
in the +X direction, and the two recovery nozzles 5A, 5B 
are arranged on the side in the -X direction so that the 
end portion 60A of the lens 60 of the projection optical 
system PL is interposed thereby. The supply nozzles 4A 
to 40 are connected to the liquid supply unit 1 via the 
supply tube 3, and the recovery nozzles 5A, 5B are con- 
nected to the liquid recovery unit 2 via the recovery tube 
4. Further, the supply nozzles 8A to 80 and the recovery 
nozzles 9A, 9B are anranged at positions obtained by 
rotating, by substantially 180°, the positions of the sup- 
ply nozzles 4A to 40 and the recovery nozzles 5A, 5B 
about the center of the end portion 60A. The supply noz- 
zles 4A to 40 and the recovery nozzles 9A, 9B are al- 
ternately arranged in the Y axis direction. The supply 
nozzles 8A to 80 and the recovery nozzles 5A, 5B are 
alternately arranged in the Y axis direction. The supply 
nozzles 8A to 80 are connected to the liquid supply unit 
1 via the supply tube 10. The recovery nozzles 9A, 9B 
are connected to the liquid recovery unit 2 via the recov- 
ery tube 11. The liquid is supplied from the nozzles so 
that no gas portion is generated between the projection 
optical system PL and the substrate P. 
[0045] When the scanning exposure is performed by 
moving the substrate P in the scanning direction (-X di- 
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rection) Indicated by the arrow Xa (see Fig. 4) in the 
main body of exposure apparatus EX, the liquid 50 is 
supplied and recovered with the liquid supply unit 1 and 
the liquid recovery unit 2 by using the supply tube 3, the 
supply nozzles 4A to 4C, the recovery tube 4, and the 
recovery nozzles 5A, 5B. That is, when the substrate P 
is moved In the -X direction, then the liquid 50 is supplied 
to the space between the projection optical system PL 
and the substrate P from the liquid supply unit 1 by the 
aid of the supply tube 3 and the supply nozzles 4 (4A to 
4C), and the liquid 50 is recovered to the liquid recovery 
unit 2 by the aid of the recovery nozzles 5 (5A, 5B) and 
the recovery tube 6. The liquid 50 flows in the -X direc- 
tion so that the space between the lens 60 and the sub- 
strate P is filled therewith. On the other hand, when the 
scanning exposure Is performed by moving the sub- 
strate P in the scanning direction {+X direction) indicat- 
ed by the an-ow Xb, then the liquid 50 is supplied and 
recovered with the liquid supply unit 1 and the liquid re- 
covery unit 2 by using the supply tube 10, the supply 
nozzles 8A to 8C, the recovery tube 1 1 , and the recovery 
nozzles 9A, 9B. That is, when the substrate P is moved 
in the +X direction, then the liquid 50 is supplied from 
the liquid supply unit 1 to the space between the projec- 
tion optical system PL and the substrate P by the aid of 
the supply tube 1 0 and the supply nozzles 8 (8A to 8C), 
and the liquid 50 is recovered to the liquid recovery unit 
2 by the aid of the recovery nozzles 9 (9A, 9B) and the 
recovery tube 11 . The liquid 50 flows in the +X direction 
so that the space between the lens 60 and the substrate 
P is filled therewith. As described above, the control unit 
CONT allows the liquid 50 to flow in the movement di- 
rection of the substrate P by using the liquid supply unit 
1 and the liquid recovery unit 2. In this arrangement, for 
example, the liquid 50, which is supplied from the liquid 
supply unit 1 via the supply nozzles 4, flows so that the 
liquid 50 is attracted and introduced into the space 56 
in accoVdance with the movement of the substrate P in 
the -X direction. Therefore, even when the supply ener- 
gy of the liquid supply unit 1 Is small, the liquid 50 can 
be supplied to the space 56 with ease. When the direc- 
tion, in which the liquid 50 is allowed to flow, is switched 
depending on the scanning direction, then it is possible 
to fill the space between the substrate P and the tip sur- 
face 7 of the lens 60 with the liquid 50, and It is possible 
to obtain the high resolution and the wide depth of focus, 
even when the substrate P is subjected to the scanning 
in any bne of the +X direction and the -X direction. 
[0046] Next, an explanation will be made with refer- 
ence to Fig. 5 about the liquid-removing unit 100 to be 
used for the exposure apparatus of the first embodi- 
ment. The liquid-removing unit 100 is provided at an in- 
termediate position of the transport passage of the 
transport system H, and it removes the liquid 50 adhered 
to the substrate P after being subjected to the exposure 
process in accordance with the liquid Immersion meth- 
od. In this embodiment, the liquid-removing unit 100 is 
provided between the second transport unit H2 and the 



third transport unit H3. The liquid-removing unit 100 In- 
cludes a stage unit 20, a holder 21 which is provided on 
the stage unit 20 and which holds a tower surface central 
portion of the substrate P, and a rotating mechanism 22 

5 which rotates the holder 21 that holds the substrate P. 
A vacuum attraction hole, which constitutes a part of a 
vacuum unit, is provided through the upper surface of 
the holder 21 . The holder 21 attracts and holds the lower 
surface central portion of the substrate R The rotating 

10 mechanism 22 is constructed by a motor which is pro- 
vided In the stage unit 20. The rotating mechanism 22 
rotates the holder 21 by rotating a shaft 23 which is con- 
nected to the holder 21. The stage unit 20, the holder 
21, and the rotating mechanism 22 are provided In a 

15 chamber 25 which serves as a cover mechanism. A liq- 
uid-sucking unit 29 Is provided for the chamber 25 via a 
flow passage 28. The flow passage 28 is provided with 
a valve 28A. 

[0047] The holder 21 Is provided movably upwardly 
20 and downwardly with respect to the upper surface of the 
stage unit 20 together with the shaft 23. When the holder 
21 , which holds the substrate P, is moved upwardly with 
respect to the stage unit 20, then the substrate P is sep- 
arated from the stage unit 20, and the substrate P Is 
25 movable In accordance with the driving of the rotating 
mechanism 22. On the other hand, when the holder 21 
is moved downwardly, the substrate P is retained by a 
second holder 24 which is provided on the upper surface 
of the stage unit 20. 
30 [0048] The chamber 25 is provided with a first opening 
26 which is formed on the side of the second transport 
unit H2, and a second opening 27 which is formed on 
the side of the third transport unit H3. A first shutter 26A, 
which opens/closes the first opening 26, is provided for 
35 the first opening 26. A second shutter 27A, which opens/ 
closes the second opening 27, Is provided for the sec- 
ond opening 27. The opening/closing operations of the 
first and second shutters 26A, 27A are controlled by the 
control unit CONT When the first shutter 26A is opened, 
40 the second transport unit H2 Is accessible to the stage 
unit 20 of the liquid-removing unit 1 00 via the first open- 
ing 26. That is, the second transport unit H2 is capable 
of transporting (importing) the substrate P to the stage 
unit 20 of the liquid-removing unit 1 00 via the first open- 
45 ing 26. The third transport unit H3 is accessible to the 
stage unit 20 of the liquid-removing unit 1 00 via the sec- 
ond opening 27. That is, the third transport unit H3 is 
capable of transporting (exporting) the substrate P to the 
stage unit 20 of the liquid-removing unit 100 via the see- 
so end opening 27. On the other hand, when the first and 
second shutters 26A, 27A are closed, the interior of the 
chamber 25 is tightly closed. 

[0049] Next, an explanation will be made with refer- 
ence to Figs. 1 and 2 about the operation of the device- 
55 producing system SYS provided with the main body of 
the exposure apparatus EX and the liquid-removing unit 
100 described above. 

[0050] The substrate P. which is held by the substrate 
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stage PST1 in the main body of exposure apparatus EX, 
is subjected to the exposure by using the liquid immer- 
sion method, concurrently with which the alignment 
mark is detected and the surface information (AF (auto- 
focus)/AL (autoleveling) information) is measured for 
the substrate P retained by the substrate stage PST2. 
Fig. 1 shows a situation in which the substrate stage 
PST1 perfonms the exposure operation in the main body 
of exposure apparatus (exposure station) EX, and the 
substrate stage PST2 perfomis the measuring opera- 
tion In the measuring station. In the main body of expo- 
sure apparatus, the liquid is supplied by the liquid supply 
unit 1, and the liquid is recovered by the liquid recovery 
unit 2. The optical path for the exposure light beam, 
which is disposed on the image plane side of the pro- 
jection optical system PL, is filled with the liquid 50. 
When the exposure process is completed for the sub- 
strate P retained by the substrate stage PST1 , then the 
liquid supply by the liquid supply unit 1 is stopped, and 
the liquid recovery is performed by the liquid recovery 
unit 2. When the liquid recovery by the liquid recovery 
unit 2 is completed, then the substrate stage PST1 is 
retracted from the main body of exposure apparatus EX, 
and the substrate stage PST2, for which the various 
measurements have been completed, is introduced into 
the main body of exposure apparatus (exposure station) 
EX. Th^e substrate P, for which the exposure process is 
completed on the substrate stage PST1 , is unloaded 
from the substrate stage PST1 to the second transport 
unit H2. The substrate stage PST1 , from which the sub- 
strate P is completely unloaded after the exposure proc- 
ess, receives the unexposed substrate P from the first 
transport unit H1 to start the various measurements on 
the measuring station. A slight amount of the liquid 50, 
which is not completely recovered by the liquid recovery 
unit 2, adheres to the substrate P unloaded to the sec- 
ond transport unit H2. The substrate P is transported to 
the liquid-removing unit 1 00 by the second transport unit 
H2. Thus, the liquid-removing unit 100 removes the liq- 
uid remaining on the substrate P for which the exposure 
process has been just completed, concurrently with the 
exposure process for the substrate P retained by the 
substrate stage PST2 and the various measurements 
for the substrate P retained by the substrate stage 
PST1. 

[0051] When the supply of the liquid is started from 
the liquid supply unit 1 onto the substrate P retained on 
the substrate stage PST2, then the substrate stage 
PST1 may be only moved without performing any sub- 
stantial measuring operation with the substrate stage 
PST1, or the substrate stage PST1 may be simply 
stopped. By doing so, it is possible to avoid the influence 
on the measuring operation for the substrate stage 
PST1 in the measuring station, which would be other- 
wise exerted by the vibration generated when the supply 
of the liquid is started from the liquid supply unit 1 onto 
the substrate stage PST2. When the supply of the liquid 
onto the substrate stage PST2 is stopped, if the meas- 



uring operation for the substrate stage PST1 has not 
been completed in the measuring station, then the sub- 
strate stage PST1 may be only moved, or the substrate 
stage PST1 may be simply stopped, without performing 

5 any substantial measuring operation for the substrate 
stage PST1 when the supply of the liquid is stopped. 
[0052] The control unit CONT opens the first shutter 
26A as the second transport unit H2 approaches the liq- 
uid-removing unit 100 (see Fig. 5). In this situation, the 

10 second shutter 27A is closed. The second transport unit 
H2 delivers the substrate P to the stage unit 20 of the 
liquid-removing unit 100 via the first opening 26. In this 
situation, the holder 21 is moved downwardly, and the 
substrate P is retained by the holder 21 and the second 

15 holder 24 on the stage unit 20. 

[0053] After the second transport unit H2 delivers the 
substrate P to the stage unit 20. the second transport 
unit H2 is retracted from the chamber 25 via the first 
opening 26. When the second transport unit H2 is re- 

20 tracted from the chamber 25, the control unit CONT 
closes the first shutter 26A. Accordingly, the interior of 
the chamber 25 is tightly closed. When the interior of the 
chamber 25 is tightly closed, the control unit CONT 
moves the holder 21 upwardly. As the holder 21 is 

25 moved upwardly, the substrate P, which is attracted and 
retained by the holder 21, is also moved upwardly with 
respect to the stage unit 20. The control unit CONT 
drives the rotating mechanism 22 to rotate the holder21 
in the ez direction together with the substrate P. As the 

30 rotating mechanism 22 rotates the substrate P, the liquid 
50, which is adhered to the both upper and lower sur- 
faces of the substrate P. blown off from the substrate P 
in accordance with the action of the centrifugal force. 
Accordingly, the liquid 50. which is adhered to the sub- 

35 strate P, is removed from the substrate P. In this arrange- 
ment, the substrate P is arranged in the chamber 25 
which serves as the cover mechanism. Therefore, the 
liquid 50, which is blown off from the substrate P, is not 
scattered to the surroundings. 

40 [0054] The liquid 50, which is blown off from the sub- 
strate P, is recovered by the liquid-sucking unit 29 which 
is connected to the chamber 25. The liquid-sucking unit 
29 recovers the liquid 50 blown off from the substrate P 
by sucking the gas contained in the chamber 25 together 

45 with the scattered liquid 50. In this procedure, the liquid- 
sucking unit 29 continuously performs the operation for 
sucking the gas contained in the chamber 25 and the 
scattered liquid 50. Accordingly, the liquid 50 does not 
stay in the chamber 25 including, for example, the inner 

50 wall and the bottom of the chamber 25. Therefore, the 
humidity in the chamber 25 is not greatly varied. Any 
wet gas contained In the chamber 25 does not outflow 
to the outside of the chamber 25, when the shutters 26A. 
27A are opened as well. 

55 [0055] When the substrate P is rotated for a predeter- 
mined period of time (or by a predetermined number of 
revolutions), then the control unit CONT stops the driv- 
ing of the rotating mechanism 22, and the substrate P 



10 



19 



EP1 571 694 A1 



20 



is moved downwardly together with the holder 21. Sub- 
sequently, the control unit CONT opens the second 
shutter 27A. When the second shutter 27A is opened, 
the third transport unit (second transport member) H3 
makes the access to the stage unit 20 via the second 
opening 27 to retain the substrate P which is disposed 
on the stage unit 20 and from which the liquid 50 has 
been removed. The third transport unit H3, which retains 
the substrate P from which the liquid 50 has been re- 
moved by the liquid-removing unit 1 00, exports the sub- 
strate P from the interior of the chamber 25 via the sec- 
ond opening 27. 

[0056] As shown in Fig. 1 , the substrate P, from which 
the liquid 50 has been removed by the liquid-removing 
unit 100, is carried to the main coater-developer body 
C/D through the interface section IF. The main coater- 
developer body C/D (developing unit D) applies the de- 
veloping process to the delivered substrate P. As de- 
scribed above, the exposure apparatus EX-SYS of this 
embodiment removes the liquid 50 adhered to the sub- 
strate P by the liquid-removing unit 100 before the sub- 
strate P is transported to the coater-developer appara- 
tus CD-SYS through the interface section IF. 
[0057] As explained above, the liquid 50, which is ad- 
hered to the substrate P, is removed by the liquid-remov- 
ing unit 100 before the substrate P, to which the expo- 
sure process has been applied by the main body of ex- 
posure apparatus EX, is transported to the coater-de- 
veloper apparatus C/D-SYS (developing unit D). There- 
fore, it is possible to exclude the influence of the liquid 
50 on the developing process. When the liquid 50, which 
is adhered to the substrate P, is removed by the liquid- 
removing unit 100, it is possible to suppress the occur- 
rence of inconveniences which would be otherwise 
caused, for example, such that the liquid falls from the 
substrate P during the transport of the substrate P. the 
humidity change (environmental change) is caused in 
the first chamber unit CHI . and the rust appears on the 
members and the respective units or apparatuses dis- 
posed on the transport passage. 
[0058] The substrate P, to which the liquid 50 is ad- 
hered, is transported by the second transport unit H2, 
and the substrate P, from which the liquid 50 has been 
removed, is transported by the third transport unit H3 
which is provided separately from the second transport 
unit H2. Therefore, the third transport unit H3 is not ex- 
posed 4o the liquid 50. Therefore, the liquid 50 is not 
adhered to the substrate P which is transported by the 
third transport unit H3. Further, it is possible to reliably 
avoid the scattering of the liquid 50 on the transport pas- 
sage of the third transport unit H3. 
[0059] The liquid-removing unit 1 00 is provided at the 
intermediate position of the transport passage of the 
transport system H. Therefore, it is possible to simulta- 
neously perform the exposure process with the main 
body of exposure apparatus EX and the liquid-removing 
procesjs with the liquid-removing unit 100. Therefore, it 
is possible to execute the respective processes without 



degrading the throughput. Further, the liquid-removing 
process is performed in the chamber 25. Therefore, it is 
possible to avoid the scattering of the liquid 50 to the 
surroundings. 

5 [0060] This embodiment has been explained such 
that the transport is performed via the interface section 
IF as the connecting section when the substrate P after 
the exposure process is transported to the coater-de- 
veloper apparatus C/D-SYS as the processing appara- 

10 tus. However, the opening of the first chamber unit CH1 
serves as the connecting section for the exposure ap- 
paratus EX-SYS, for example, when the interface sec- 
tion IF is provided for the coater-developer apparatus 
C/D-SYS, when the coater-developer apparatus C/ 

15 D-SYS is directly connected to the exposure apparatus 
EX-SYS without using the interface section IF, or when 
the processing apparatus is a substrate-accommodat- 
ing apparatus, and the substrate P after the exposure 
process is transported to the substrate-accommodating 

20 apparatus without using the interface section IF. 

[0061] As described above, the liquid 50 is composed 
of pure water in this embodiment. Pure water is advan- 
tageous in that pure water is available in a large amount 
with ease, for example, in the semiconductor production 

25 factory, and pure water exerts no harmful influence, for 
example, on the optical element (lens) and the photore- 
sist on the substrate P. Further, pure water exerts no 
harmful influence on the environment, and the content 
of impurity is extremely tow. Therefore, it is also expect- 

30 ed to obtain the function to wash the surface of the sub- 
strate P and the surface of the optical element provided 
at the tip surface of the projection optical system PL. 
[0062] It is approved that the refractive index n of pure 
water (water) with respect to the exposure light beam 

35 EL having a wavelength of about 193 nm is approxi- 
mately in an extent of 1 .44 to 1 .47. When the ArF exci- 
mer laser beam (wavelength: 193 nm) is used as the 
light source of the exposure light beam EL. then the 
wavelength is shortened on the substrate P by 1/n, i.e., 

40 to about 131 to 134 nm, and a high resolution is ob- 
tained. Further, the depth of focus is magnified about n 
times, i.e.. about 1.44 to 1.47 times as compared with 
the value obtained in the air. Therefore, when it is 
enough to secure an approximately equivalent depth of 

45 focus as compared with the case of the use in the air, it 
is possible to further increase the numerical aperture of 
the projection optical system PL. Also in this viewpoint, 
the resolution is Improved. 

[0063] In this embodiment, the lens 60 is attached to 
50 the tip of the projection optical system PL. However, the 
optical element, which is attached to the tip of the pro- 
jection optical system PL, may be an optical plate which 
is usable to adjust the optical characteristics of the pro- 
jection optical system PL, for example, the aben^tion 
55 (for example, spherical aberration and comatic aberra- 
tion). Alternatively, the optical element may be a parallel 
plane plate through which the exposure light beam EL 
is transmissive. When the optical element, which makes 
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contact with the liquid 50, is the parallel plane plate 
which is cheaper than the lens, it is enough that the par> 
allel plane plate is merely exchanged immediately be- 
fore supplying the liquid 50 even when any substance 
(for example, any silicon-based organic matter), which 
deteriorates the transmittance of the projection optical 
system PL. the illuminance of the exposure light beam 
EL on the substrate P, and the uniformity of the illumi- 
nance distribution, is adhered to the parallel plane plate, 
for example, during the transport, the assembling, and/ 
or the adjustment of the exposure apparatus EX. An ad- 
vantage is obtained such that the exchange cost is low- 
ered as compared with the case in which the optical el- 
ement to make contact with the liquid 50 is the lens. That 
is, the surface of the optical element to make contact 
with the liquid 50 is dirtied, for example, due to the ad- 
hesion of scattered particles generated from the resist 
by being irradiated with the exposure light beam EL or 
any impurity contained in the liquid 50. Therefore, it is 
necessary to periodically exchange the optical element. 
However, when the optical element is the cheap parallel 
plane plate, then the cost of the exchange part js low as 
compared with the lens, and it is possible to shorten the 
time required for the exchange. Thus, it is possible to 
suppress the increase in the maintenance cost (running 
cost) and the decrease In the throughput. 
[0064] When the pressure, which is generated by the 
flow of the liquid 50, is large between the substrate P 
and the optical element disposed at the tip of the pro- 
jection optical system PL, it is also allowable that the 
optical element is tightly fixed so that the optical element 
is not moved by the pressure, without allowing the opti- 
cal element to be exchangeable. 
[0065] This embodiment is constructed such that the 
space between the projection optical system PL and the 
surface of the substrate P is filled with the liquid 50. How- 
ever, tlie space may be filled with the liquid 50, for ex- 
ample, in a state in which a cover glass composed of a 
parallel plane plate is attached to the surface of the sub- 
strate P. 

[0066] In the embodiment described above, the 
shape of the nozzle is not specifically limited. For exam- 
ple, the liquid 50 may be supplied or recovered by using 
two pairs of nozzles for the long side of the end portion 
60A. In this arrangement, the supply nozzles and the 
recovery nozzles may be arranged and aligned vertical- 
ly in order to supply and recover the liquid 50 from any 
one of the directions of the +X direction and the -X di- 
rection. 

Second Embodiment 

[0067] Next, an explanation will be made with refer- 
ence to Fig. 6 about a liquid-removing unit 100 to be 
used for an exposure apparatus according to a second 
embodiment of the present invention. In the following 
explanation, those other than the liquid-removing unit 
100 are the same as or equivalent to those of the first 



embodiment, any explanation of which will be simplified 
or omitted. 

[0068] With reference to Fig. 6, the liquid-removing 

unit 100 includes a cover 30 which constitutes a part of 

5 a cover mechanism for covering the surroundings of the 
substrate P so that the liquid 50 is not scattered when 
the liquid 50 adhered to the substrate P is removed. In 
this embodiment, the liquid-removing unit 100 does not 
have the chamber 25. The cover 30 is formed to be ap- 

10 proximately annular as viewed in a plan view. The cover 
30 has a pocket 30A provided in the annular section. 
The liquid-sucking unit 29 is connected to the pocket 
30A of the cover 30. The cover 30 can be arranged in a 
recess 31 which is formed in the stage unit 20. The cover 

15 30 is movable upwardly and downwardly (capable of 
protruding and retracting) with respect to the stage unit 
20 by the aid of a lifting mechanism 32. When the liquid- 
removing process Is performed, the cover 30 is also 
moved upwardly together with the upward movement of 

20 the holder 21 . The cover 30 is provided to cover the sur- 
roundings of the substrate P. Therefore, the liquid 50, 
which is blown off by the rotation of the substrate P, is 
recovered by the pocket 30A of the cover 30. The liquid 
50, which is recovered by the pocket 30A, is recovered 

25 by the liquid-sucking unit 29. 

[0069] As explained above, the cover 30, which cov- 
ers the surroundings of the substrate P, can be also used 
as the cover mechanism. Accordingly, it is possible to 
avoid the scattering of the liquid 50 to the surroundings 

30 by the simple structure as compared with the chamber 
25 explained In the first embodiment. 

Third Embodiment 

35 [0070] Next, an explanation will be made with refer- 
ence to Fig. 7 about a liquid-removing unit 100 to be 
used for an exposure apparatus according to a third em- 
bodiment. This embodiment is characterized in that the 
rotating mechanism 22 and the cover 30, which constl- 

40 tute the liquid-removing unit 100, are provided in a sub- 
strate stage PST of a main body of exposure apparatus 
EX for performing the exposure process. The structure 
of the main body of the exposure apparatus EX is equiv- 
alent to that described in the first embodiment, any ex- 

45 planation of which will be omitted. 

[0071] With reference to Fig. 7(a), the substrate stage 
PST includes the holder 21 and the second holder 24 
for supporting the substrate P, and a recess 31 capable 
of accommodating the cover 30. As shown in Fig. 7(a), 

50 the image of the pattern is transferred via the projection 
optical system PL and the liquid 50 onto the substrate 
P retained by the holder 21 and the second holder 24. 
When the exposure process is completed for the sub- 
strate P, then the control unit CONT stops the supply of 

55 the liquid 50 from the liquid supply unit 1 to the space 
between the projection optical system PL and the sub- 
strate P, and the liquid 50 on the substrate P is recovered 
by the liquid recovery unit 2 as shown in Fig. 7(b). When 
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the recovery operation is completed, the substrate stage 
PST is retracted from the position just under the projec- 
tion optical system PL. Subsequently, the control unit 
CONT upwardly moves the holder 21 which retains the 
substrate P, and the control unit CONT upwardly moves 5 
the cover 30. The control unit CONT drives the rotating 
mechanism 22 to rotate the substrate P. Accordingly, the 
liquid 50. which is adhered to the substrate P as a result 
of any incomplete recovery by the liquid recovery unit 2, 
is removed from the substrate P. After the liquid 50 ad- 
hered to the substrate P is removed, the second trans- 
port unit H2 exports the substrate P from the substrate 
stage PST. 

[0072] As explained above, the liquid-removing unit 
100 can be also provided in the substrate stage PST. ^5 
When the liquid adhered to the substrate P is removed 
before the substrate P is exported from the substrate 
stage PST on which the exposure process Is performed, 
it is possible to suppress the occurrence of any incon- 
venience which would be otherwise caused such that 20 
the liquid 50 falls from the substrate P during the trans- 
port of the substrate P. In this embodiment, the main 
body of exposure apparatus EX adopts the twin-stage 
system. Therefore, it is possible to simultaneously per- 
form the exposure process on the first substrate stage 25 
PST1 and the liquid-removing process on the second 
substrate stage PST2. It is possible to execute the entire 
process without degrading the throughput. 
[0073] The third embodiment adopts the mechanism 
for rotating the substrate P in order to remove the liquid 30 
adhered to the substrate P before the substrate P after 
the exposure process is transported from the substrate 
stage PST. Alternatively, It is also allowable to provide 
a blower to blow off the liquid. Further alternatively, it is 
also allowable to provide a mechanism for sucking the 35 
remaining liquid on the substrate P separately from the 
liquid recovery unit 2. These alternatives may be used 
in combination. 

Fourth Embodiment ^0 

[0074] Next, an explanation will be made with refer- 
ence to Fig. 8 about a liquid-removing unit 100 to be 
used for an exposure apparatus according to a fourth 
embodiment. The liquid-removing unit 1 00 shown in Fig. 45 
8 is provided between the second transport unit H2 and 
the third transport unit H3 at an intermediate position of 
the transport passage of the transport system H, and 
includes a chamber 25. The structure of the main body 
of the exposure apparatus EX is equivalent to that de- 50 
scribed in the first embodiment, any explanation of 
which will be omitted. 

[0075] With reference to Fig. 8, the liquid-removing 
unit 100 includes a first blow section 33 which allows the 
gas to blow against the front surface (upper surface) of 55 
the substrate P to remove the liquid 50 by blowing off 
the liquid 50 adhered to the front surface of the substrate 
P, and a second blow section 34 which allows the gas 



to blow against the back surface (lower surface) of the 
substrate P to remove the liquid 50 by blowing off the 
liquid 50 adhered to the back surface of the substrate P. 
The first and second blow sections 33, 34 are connected 
to a gas supply unit 35 via flow passages respectively. 
A filter Is provided in each of the flow passages to re- 
move foreign matters (dust and oil mist) contained in the 
gas to be blown against the substrate P. The gas supply 
unit 35 supplies the dry gas to the first and second blow 
sections 33, 34. In this embodiment, the gas supply unit 

35 supplies the dry air. 

[0076] Fig. 9 shows a view in which the interior of the 
chamber 25 shown in Fig. 8 is viewed from an upper 
position. As shown in Fig. 9, the substrate P is held by 
a holding unit 36 at both ends in the Y axis direction of 
the lower surface thereof (holding unit 36 is not shown 
in Fig, 8). The substrate P is delivered to the holding unit 

36 from the second transport unit H2, and the holding 
unit 36 holds the delivered substrate P. It is arranged 
that the substrate P, which is held by the holding unit 36, 
is delivered to the third transport unit H3. The first blow 
section 33 includes a nozzle main section 33A which 
has a longitudinal direction thereof in the Y axis direc- 
tion, and a plurality of nozzle holes 33B which are pro- 
vided and aligned in the longitudinal direction of the noz- 
zle main section 33A. The dry air. which is supplied from 
the gas supply unit 35, is blown from the plurality of noz- 
zle holes 33B respectively. The second blow section 34 
is also constructed equivalently to the first blow section 

33. which includes a nozzle main section having a lon- 
gitudinal direction thereof in the Y axis direction, and a 
plurality of nozzle holes. 

[0077] The substrate P held by the holding unit 36 and 
the first and second blow sections 33, 34 are provided 
relatively movabiy In this embodiment, the first and sec- 
ond blow sections 33, 34 make scanning movement in 
the X axis direction with respect to the substrate P held 
by the holding unit 36. Alternatively, a driving unit may 
be provided for the holding unit 36 to move the substrate 
P with respect to the first and second blow sections 33, 

34. Further alternatively, both of the first and second 
blow sections 33. 34 and the holding unit 36 may be 
moved. 

[0078] Next, an explanation will be made about the 
operation of the liquid-removing unit 100 constructed as 
described above. The second transport unit H2 delivers, 
to the holding unit 36, the substrate P to which the liquid 
50 is adhered. The control unit CONT allows the gas to 
blow from the first and second blow sections 33, 34 
against the substrate P held by the holding unit 36, In 
this embodiment, the gas, which is supplied from the first 
and second blow sections 33. 34, is blown in the inclined 
directions with respect to the front and back surfaces of 
the substrate P. The control unit CONT allows the gas 
to blow against the substrate P held by the holding unit 
36 while moving the first and second blow sections 33, 
34 in the X axis direction. In this embodiment, the length 
of the nozzle main section of each of the first and second 
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blow sections 33, 34 is sufficiently larger than that of the 
substrate P. Therefore, the gas is blown uniformly 
against the entire front and back surfaces of the sub- 
strate P. When the gas Is blown out, the liquid 50, which 
is adhered to the substrate P, is blown off and removed. 5 
The liquid 50, which has been blown off, is recovered 
by the liquid-sucking unit 29. The substrate P, from 
which the liquid 50 has been removed, is delivered to 
the third transport unit H3. 

10 

Fifth Embodiment 

[0079] Next, an explanation will be made with refer- 
ence to Fig. 10 about a liquid-removing unit 100 to be 
used for an exposure apparatus according to a fifth em- 
bodiment. With reference to Fig. 10, the liquid-removing 
unit 100 includes first and second sucking sections 37, 
38 which are connected to the liquid-sucking unit 29 via 
flow passages and which suck the liquid 50 adhered to 
the front surface and the back surface of the substrate 
P respectively, and a drying unit 39 which dries the in- 
terior of the chamber 25. The first and second sucking 
sections 37, 38 are provided relatively movably in the X 
axis direction with respect to the substrate P. When the 
liquid 50 adhered to the substrate P is removed, the con- 
trol unit CONT drives the liquid-sucking unit 29 in a state 
in which the first and second sucking sections 37. 38 
approach the substrate P. Accordingly, the liquid 50. 
which is adhered to the substrate P, is sucked into the 
liquid-sucking unit 29 by the aid of the first and second 
sucking sections 37, 38. The sucking operation is per- 
formed by the liquid-sucking unit 29 while moving the 
first and second sucking sections 37. 38 in the X direc- 
tion with respect to the substrate P, and thus the liquid 
50 adhered to the substrate P is removed. In this pro- 
cedure, the drying unit 39 supplies the dry gas (dry air) 
into the chamber 25. The interior of the chamber 25 is 
dried by the driving of the drying unit 39. Accordingly, it 
Is possible to facilitate the removal of the liquid 50 from 
the substrate P. The structure of the main body of the 
exposure apparatus EX is equivalent to that described 
in the first embodiment, any explanation of which will be 
omitted. 

[0080] It is also allowable to simultaneously execute 
the sucking operation for sucking the liquid 50 on the 
substrate P as explained with reference to Fig. 10 and 
the ga^-blowing operation from the blow sections as ex- 
plained with reference to Fig. 8. Alternatively, any one 
of the sucking operation and the gas-blowing operation 
may be executed, and the other may be executed there- 
after. The drying operation by the drying unit 39 may be 
performed concurrently as well. The drying operation 
may be also perfomied before and/or after the sucking 
operation and/or the gas-blowing operation. That is. it 
is possible to appropriately combine and execute the 
sucking operation, the drying operation, and the gas- 
blowing operation (liquid-blowing off operation). 



Sixth Embodiment 

[0081] Next, an explanation will be made with refer- 
ence to Fig. 11 about a liquid-removing unit 100 of an 
exposure apparatus according to a sixth embodiment. 
The structure of the main body of the exposure appara- 
tus EX is equivalent to that described in the first embod- 
iment, any explanation of which will be omitted. With ref- 
erence to Fig. 11 , the liquid-removing unit 100 includes 
first and second blow sections 33, 34, and a chamber 
40 which accommodates the first and second blow sec- 
tions 33. 34, In this embodiment, the chamber 40 is pro- 
vided with first and second openings 41, 42 which are 
formed by being deviated in the Z axis direction. In this 
embodiment, no shutter is provided for the first and sec- 
ond openings 41 , 42. However, it is also possible to pro- 
vide shutters respectively. In this embodiment, a second 
transport unit H2 includes an arm (first transport mem- 
ber) 43 which is capable of inserting the substrate P into 
the chamber via the first opening 41 while holding the 
substrate P. The arm 43 transports the substrate P to 
which the liquid 50 is adhered after the exposure proc- 
ess performed by the liquid immersion method in a state 
in which the substrate P is inclined by a predetermined 
angle with respect to the horizontal plane (XY plane), 
and the arm 43 inserts the substrate P into the chamber 
40. The first opening 41 , into which the arm 43 for hold- 
ing the substrate P adhered with the liquid 50 is inserted, 
is formed on the lower side in the Z axis direction as 
compared with the second opening 42. The arm 43 
transports the substrate P with the frontward side in the 
inserting direction with respect to the chamber 40 (front- 
ward side in the transport direction) being directed up- 
wardly. 

[0082] The arm 43 moves the substrate P with respect 
to the first and second blow sections 33, 34 in a state in 
which the inclination of the substrate P is maintained. 
The first and second blow sections 33, 34 allow the gas 
to blow against the moving substrate P. The liquid 50. 
which is adhered to the substrate P, is removed by the 
gas blow. In this procedure, the substrate P is inclined. 
Therefore, the liquid 50 is easily moved by its self-weight 
toward the lower side in the direction of inclination of the 
substrate P. The removal of the liquid 50 from the sub- 
strate P is facilitated. The liquid 50, which is removed 
from the substrate P, stays in the chamber 40, and the 
liquid 50 is recovered by the liquid-sucking unit 29 as 
the recovery unit. Alternatively, the liquid 50 may be 
moved by the self-weight toward the downward side in 
the direction of inclination of the substrate P In a state 
in which the substrate P is inclined, and the gas may be 
allowed to blow against the liquid 50 collected on the 
downward side in the direction of inclination. Further al- 
ternatively, the drying operation as described above 
may be simultaneously used. That is, when the liquid is 
removed with the liquid-removing unit 100, it is also al- 
lowable to use any one of the methods of the rotation of 
the substrate P. the inclination of the substrate P, the 
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sucking operation, the drying operation, and the gas- 
blowing operation (liquid-blowing off operation), or it is 
also allowable to appropriately combine them. 
[0083] One end of the substrate P from which the liq- 
uid 50 has been removed protrudes to the outside of the 5 
chamber 40 from the second opening 42. An arm (sec- 
ond transport member) 44, which serves as a third trans- 
port unit H3, is provided In the vicinity of the second 
opening 42. The substrate P, from which the liquid 50 
has been removed, is directly delivered from the arm 43 
to the arm 44. 

[0084] This embodiment has been explained such 
that the substrate P is transported while being inclined 
when the substrate P is inserted into the chamber 40. 
However, the substrate P, to which the liquid 50 is ad- 
hered, may be transported at any position other than 
those disposed in the chamber 40 in a state in which the 
substrate P is inclined by a predetermined angle with 
respect to the horizontal plane. Accordingly, the liquid 
50 adhered to the substrate P falls from the substrate P 
by the self-weight. In this case, a recovery unit, which 
recovers the liquid 50 separated from the substrate P 
by the self-weight, is provided in the transport passage. 
The angle of inclination with respect to the horizontal 
plane, which is used when the substrate P is transport- 
ed, can be arbitrarily established, which may be 90 de- 
grees. That is, it is also possible to transport the sub- 
strate P in a state in which the substrate P is allowed to 
stand vertically. 

[0085] In the respective embodiments described 
above, it is preferable that the surfaces of the arm 43 
and the second transport unit H2 for transporting the 
substrate P to which the liquid 50 is adhered are liquid- 
repellent. 

Accordingly, even if the liquid 50 adhered to the sub- 
strate P is adhered to the second transport unit H2 (arm 
43) when the substrate P is transported, the liquid 50 
can be immediately and easily removed from the second 
transport unit H2 (arm 43). Therefore, it is possible to 
avoid the occurrence of such an inconvenience that the 
liquid 50 adhered to the second transport unit H2 (arm 
43) is adhered (adhered again) to the substrate P. The 
liquid-repeding treatment (water-repelling treatment) for 
making the surface of the second transport unit H2 (arm 
43) to be liquid-repellent includes, for example, a coat- 
ing treatment in which a material having liquid repel- 
lence is used. The material having the liquid repellence 
includes, for example, fluorine-based compounds, sili- 
con compounds, and synthetic resins such as polyeth- 
ylene and acrylic resins. The thin film, which is to be 
used for the surface treatment, may be a single layer 
film or a film composed of a plurality of layers. The liquid- 
repelling treatment may be applied to the entire surface 
of the second transport unit H2 (arm 43), or the liquid- 
repelling treatment may be applied to a part thereof. 



Seventh Embodiment 

[0086] In the embodiment having been explained with 
reference to Fig. 11 , the substrate P is transported while 
being inclined, or the substrate P is inclined in the liquid- 
removing unit 100 provided at the intermediate position 
of the transport passage. However, as shown in Fig. 12, 
the liquid 50 may be removed by Inclining a substrate 
stage PST (Z stage 51) which holds the substrate P ad- 
hered with the liquid 50, after completing the exposure 
for the substrate P and before transporting (unloading) 
the substrate P. With reference to Fig. 12, the substrate 
stage PST (Z stage 51 ) holds the substrate P at a sub- 
stantially central portion of the upper surface. An annu- 
lar liquid recovery port (recovery groove) 73 capable of 
recovering the liquid 50 is formed around the substrate 
P. A liquid-absorbing member 71 is arranged in the re- 
covery groove 73. A flow passage, which has one end 
connected to the recovery groove 73 and which has the 
other end connected to a liquid recovery mechanism 
provided outside the Z stage 51 , is formed in the Z stage 
51. The liquid recovery mechanism includes, for exam- 
ple, a vacuum system (suction unit) such as a vacuum 
pump, and a tank for storing the recovered liquid. The 
liquid-absorbing member 71 is composed of, for exam- 
ple, a porous material such as porous ceramics and 
sponge, which is capable of retaining a predetermined 
amount of the liquid 50. An annular auxiliary plate 79, 
which has a predetermined width to surround the outer 
circumference of the substrate P, is provided between 
the substrate P held by the Z stage 51 and the liquid- 
absorbing member 71 (recovery groove 73). The sur- 
face height of the auxiliary plate 79 is set to be approx- 
imately coincident with the surface height of the sub- 
strate P held by the Z stage 51. The liquid-absorbing 
member 71 (recovery groove 73), which is arranged with 
the predetermined width to surround the outer circum- 
ference of the auxiliary plate 79. plays a role to absorb 
(recover) the liquid 50 having been incompletely recov- 
ered by the liquid recovery unit 2. With reference to Fig. 
12, a movement mirror 54X, which extends in the Y axis 
direction, is provided at the end on the +X side of the Z 
stage 51 , and a movement mirror 54Y. which extends in 
the X axis direction, Is provided at the end on the Y side. 
Laser interferometers radiate laser beams onto the 
movement mirrors 54X, 54Y to detect the positions of 
the substrate stage PST in the X axis direction and in 
the Y axis direction. 

[0087] The Z stage 51 is inclined by a leveling mech- 
anism provided for the Z stage 51 before the substrate 
P is transported (unloaded) from the Z stage 51 (sub- 
strate stage PST) shown in Fig. 12 after the completion 
of the exposure for the substrate P. Accordingly, the sub- 
strate P, which is placed on the Z stage 51, is also in- 
clined. By doing so, the liquid 50, which remains on the 
substrate P after the completion of the exposure, flows 
to the recovery groove 73 so that the liquid 50 is recov- 
ered In accordance with the action of the gravity (self- 
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weight). When the operation for inclining the Z stage 51 
is performed as the operation for recovering the liquid 
before the transport after the completion of the expo- 
sure, for example, if it is feared that the tip portion of the 
projection optical system PL may contact with the Z 
stage 51 (substrate P) as a result of the inclination of 
the Z stage 51, then the Z stage 51 (substrate stage 
PST) may be retracted firom the position just under the 
projection optical system PL, and the inclining operation 
may be performed at a position separated from the pro- 
jection optical system PL. In this embodiment, the sub- 
strate stage and the inclination control thereof function 
as the liquid-removing unit. 

[0088] In the embodiment described above, the liquid 
on the substrate P is removed by inclining the substrate 
P in accordance with the Inclination of the substrate 
stage PST (Z stage 51). However, as disclosed in Jap- 
anese Patent Application Laid-open No. 1-214042, 
when a substrate support member, which is movable up- 
wardly and downwardly while holding the substrate P in 
order to load and unload the substrate P. is carried on 
the substrate stage PST. the substrate P may be inclined 
in accordance with the Inclination of the substrate sup- 
port member. The substrate P may be dried by allowing 
the dry, air or the warm air to blow thereagainst, before 
the substrate P is exported from the substrate stage 
PST. That is, when the liquid is removed before the sub- 
strate P Is exported from the substrate stage PST, it is 
also allowable to use any one of the methods of the ro- 
tation of the substrate P, the blowing off of the liquid, the 
suction of the liquid, the inclination of the substrate P, 
and the drying by allowing the gas to blow, or it is also 
allowable to appropriately combine and use them. 

Eighth Embodiment 

[0089] Next, an explanation will be made with refer- 
ence to Fig. 1 3 about an exposure apparatus according 
to an eighth embodiment of the present invention. This 
embodiment is characterized in that the liquid-removing 
unit 100 is provided, and a washing unit 150, which 
washes the substrate P after the exposure process with 
a washing liquid, is provided at an Intermediate position 
of the transport passage between the main body of the 
exposure apparatus EX and the liquid-removing unit 
1 00. In'this embodiment, the main body of the exposure 
apparatus is constructed in the same manner as in the 
first embodiment except that the single substrate stage 
PST is used. 

[0090] With reference to Fig. 1 3, the washing unit 1 50 
includes a chamber 151. and a washing liquid supply 
unit 1 52 which is provided In the chamber 1 51 and which 
supplies the washing liquid to the substrate P transport- 
ed into the chamber 1 51 . The washing liquid supply unit 
1 52 supplies the washing liquid to the upper surface and 
the lower surface of the substrate P respectively. The 
chamber 151 is provided with a first opening 153 which 
is open on the side of the main body of exposure appa- 



ratus EX and a second opening 154 which is open on 
the side of the liquid-removing unit 100. The first and 
second openings 153, 154 are provided with shutters 
1 53A, 1 54A which open/close the first and second open- 

5 ings 1 53, 1 54 respectively. The substrate P after the ex- 
posure process performed by the main body of expo- 
sure apparatus EX is transported by a fifth transport unit 
(not shown) via the first opening 153 Into the chamber 
151 of the washing unit 150. A holding unit for holding 

10 the substrate P is provided in the chamber 151. The sub- 
strate P is subjected to the washing process with the 
washing liquid in a state of being held by the holding 
unit. The substrate P. which has been subjected to the 
washing process, is transported to the liquid-removing 

15 unit 100 by the second transport unit H2. The liquid-re- 
moving unit 100 removes the washing liquid adhered to 
the substrate P. 

[0091] In the present Invention, any liquid other than 
water can be used as the liquid 50 for the exposure proc- 

20 ess performed by the main body of exposure apparatus 
EX based on the liquid immersion method. In this em- 
bodiment, a fluorine-based oil is used as the liquid 50. 
For example, when the light source of the exposure light 
beam EL is the Fj laser, the F2 laser beam is not trans- 

25 mitted through water. Therefore, the exposure process 
can be performed by using the fluorine-based oil as the 
liquid 50 through which the F2 laser beam is transmis- 
sive. As described above, it is possible to use, as the 
liquid 50, those other than water. Alternatively, for ex- 

30 ample, it is also possible to use, as the liquid 50, cedar 
oil which has the transmittance with respect to the ex- 
posure light beam EL. which has the refractive index as 
high as possible, and which is stable against the pho- 
toresist applied to the surface of the substrate P and the 

35 projection optical system PL. When the liquid other than 
water is used as the liquid 50, the liquid-removing proc- 
ess can be performed after performing the washing 
process for the substrate P with the washing unit 150. 
As described above, when the substrate P is washed, it 

40 is possible to wash out, for example, foreign matters ad- 
hered to the substrate P during the liquid immersion ex- 
posure or during the transport of the substrate P. The 
removal of the liquid is performed smoothly thereafter. 
It is possible to feed, from the exposure apparatus, the 

45 clean substrate P to which the liquid and the foreign mat- 
ters are not adhered. 

[0092] Any one of the liquid-removing units 100 pro- 
vided for the exposure apparatuses according to the first 
to sixth embodiments may be used as the liquid-remov- 
50 ing unit 100. The washing of the substrate P and the 
removal of the liquid adhered to the substrate P may be 
performed at an identical place. For example, the wash- 
ing and the liquid removal may be performed in the 
chamber 25. 

55 

Ninth Embodiment 

[0093] Next, an explanation will be made with refer- 
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ence to Fig. 14 about an exposure apparatus and a de- 
vice-producing system according to a ninth embodiment 
of tlie present invention. This embodiment is character- 
ized injhat a liquid-processing mechanism 160, which 
processes the liquid fallen from the substrate P after the 5 
exposure, is provided under a transport passage of a 
transport system H for transporting the substrate P to 
the liquid-removing unit 100. In this embodiment, two 
substrate stages PST1, PST2 are provided, and the 
main body of the exposure apparatus is equivalent to 
that described in the first embodiment. 
[0094] With reference to Fig. 1 4. the liquid-processing 
mechanism 160 includes a gutter member 161 which is 
arranged under the transport passage of the transport 
system' H, and a liquid-sucking unit 162 which discharg- 
es, from the gutter member 161 , the liquid 50 recovered 
by the gutter member 1 61 . In this embodiment, the gut- 
ter member 1 61 is provided between the substrate stage 
PST (PST1. PST2) and the liquid-removing unit 100, i. 
e., under the transport passage of the second transport 
unit H2. The gutter member 161 is provided in a cham- 
ber unit CHI . and the liquid-sucking unit 1 62 is provided 
outside the chamber unit CHI . The gutter member 161 
is connected to the liquid-sucking unit 162 via a tube 
passage 163. The tube passage 163 is provided with a 
valve 1 63A which opens/closes the flow passage of the 
tube passage 163. 

[0095] There is such a possibility that the liquid 50 
may fall from the substrate P during the transport of the 
substrate P to which the liquid 50 is adhered after the 
exposure by using the second transport unit H2. The fall- 
en liquid 50 can be recovered with the gutter member 
161. When the fallen liquid 50 is recovered with the gut- 
ter member 1 61 , for example, it is possible to avoid such 
an inconvenience that the liquid 50 is scattered to the 
surroundings of the transport passage. The liquid-suck- 
ing unit 162 sucks the liquid 50 on the gutter member 
161 provided In the chamber unit CHI , and thus the liq- 
uid 50 is discharged to the outside of the chamber unit 
CHI and the liquid 50 cannot stay on the gutter member 

161 in the chamber unit CHI . It is possible to avoid any 
inconvenience which would be otherwise caused such 
that the humidity change (environmental change) oc- 
curs in the chamber unit CH1. The liquid-sucking unit 

162 can continuously perform the operation for sucking 
the liquid 50 recovered by the gutter member 161. Al- 
ternatively, the liquid-sucking unit 162 can intermittently 
perfonn the sucking operation in only a preset predeter- 
mined period. When the sucking operation is continu- 
ously performed, the liquid 50 does not stay on the gutter 
member 161. Therefore, it is possible to more reliably 
avoid the humidity change in the chamber unit CHI . On 
the other hand, when the sucking operation (discharge 
operation) by the liquid-sucking unit 162 is not per- 
formedj for example, during the exposure for the sub- 
strate P by the main body of exposure apparatus EX, 
and the sucking operation is performed in only the peri- 
od other than the exposure, then it is possible to avoid 



any inconvenience which would be othenwise caused 
such that the vibration, which is generated by the suck- 
ing operation, affects the exposure accuracy. 
[0096] It is desirable that the gutter member 161 is 
provided over an entire area under the transport pas- 
sage for transporting the substrate P which has a pos- 
sibility of adhesion of the liquid. However, the gutter 
member 1 61 may be provided partially and/or separate- 
ly at any place which tends to be affected by the liquid 
fallen from the substrate P. The liquid-processing mech- 
anism 160, which is disposed under the transport pas- 
sage, is not limited to the gutter member 161 and the 
liquid-sucking unit 162. It is also allowable to adopt any 
system capable of recovering the liquid fallen from the 
substrate P or the like. 

[0097] Any liquid-removing unit 100, which is provid- 
ed for any one of the exposure apparatuses according 
to the first to sixth embodiments, may be employed as 
the liquid-removing unit 100. It is also possible to pro- 
vide, in the transport passage, the washing unit as used 
In the first to sixth embodiments. 
[0098] In the embodiment described above, the liquid- 
removing unit 1 00 is provided in order to remove the liq- 
uid which cannot be completely recovered by the liquid 
recovery unit 2 and which adheres to (remains on) the 
substrate P. However, it is not necessarily indispensable 
to provide the liquid recovery unit 2. 
[0099] The substrate P, which is usable in the respec- 
tive embodiments described above, is not limited to the 
semiconductor wafer for producing the semiconductor 
device. Those applicable include, for example, the glass 
substrate for the display device, the ceramic wafer for 
the thin film magnetic head, and the master plate (syn- 
thetic quartz, silicon wafer) for the mask or the reticle to 
be used for the exposure apparatus. 
[0100] The embodiment described above adopts the 
exposure apparatus in which the space between the 
projection optical system PL and the substrate P Is lo- 
cally filled with the liquid. However, the present invention 
is also applicable to the liquid immersion exposure ap- 
paratus in which the stage for retaining the exposure ob- 
jective substrate is moved in the liquid bath and the liq- 
uid immersion exposure apparatus in which the liquid 
pool having the predetermined depth is formed on the 
stage and the substrate is retained therein. The liquid 
immersion exposure apparatus in which the stage for 
retaining the exposure objective substrate is moved in 
the liquid bath is disclosed in detail, for example. In Jap- 
anese Patent Application Laid-open No. 6-124873, and 
the liquid immersion exposure apparatus in which the 
liquid pool having the predetermined depth is formed on 
the stage and the substrate is retained therein are dis- 
closed in detail, for example, in Japanese Patent Appli- 
cation Laid-open No. 10-303114 and United States Pat- 
ent No. 5.825.043. These patent documents are incor- 
porated herein by reference within a range of permission 
of the domestic taws and ordinances of the state desig- 
nated or selected in this intemational application. 
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[0101] As for the exposure apparatus (main body of 
the exposure apparatus) EX, the present invention is ap- 
plicable to the scanning type exposure apparatus (scan- 
ning stepper) based on the step-and-scan system for 
performing the scanning exposure for the pattern of the 5 
mask M by synchronously moving the mask M and the 
substrate P as well as the projection exposure appara- 
tus (stepper) based on the step-and-repeat system for 
performing the full field exposure for the pattern of the 
mask M in a state in which the mask M and the substrate 
P are allowed to stand still, while successively step- 
moving the substrate R The present invention Is also 
applicable to the exposure apparatus based on the step- 
and-stitch system in which at least two patterns are par- 
tially overlaid and transferred on the substrate P. 
[0102] As for the type of the exposure apparatus EX, 
the present invention is not limited to the exposure ap- 
paratus for the semiconductor production apparatus for 
exposing the substrate P with the semiconductor device 
pattern. The present invention is also widely applicable, 
for example, to the exposure apparatus for producing 
the liquid crystal display device or for producing the dis- 
play as well as the exposure apparatus for producing, 
for example, the thin film magnetic head, the image pick- 
up device (CCD), the reticle, or the mask. 
[0103] When the linear motor is used for the substrate 
stage PST and/or the mask stage MST, it is allowable 
to use any one of those of the air floating type based on 
the use of the air bearing and those of the magnetic float- 
ing type based on the use of the Lorentz's force or the 
reactance force. Each of the stages PST, MST may be 
either of the type In which the movement is effected 
along the guide or of the guideless type in which no 
guide is provided. An example of the use of the linear 
motor is disclosed in United States Patent Nos. 
5,623,853 and 5,528,118, contents of which are incor- 
porated herein by reference within a range of permission 
of the domestic laws and ordinances of the state desig- 
nated or selected in this international application. 
[0104] As for the driving mechanism for each of the 
stages PST, MST, it is also allowable to use a plane mo- 
tor in which a magnet unit provided with two-dimension- 
ally amanged magnets and an armature unit provided 
with two-dimensionally arranged coils are opposed to 
one another, and each of the stages PST, MST is driven 
by the electromagnetic force. In this arrangement, any 
one of the magnet unit and the armature unit may be 
connected to the stage PST, MST, and the other of the 
magnet unit and the armature unit may be provided on 
the side of the movable surface of the stage PST, MST. 
[0105] The reaction force, which is generated in ac- 
cordance with the movement of the substrate stage 
PST, may be mechanically released to the floor (ground) 
by using a frame member so that the reaction force is 
not transmitted to the projection optical system PL. The 
method for handling the reaction force is disclosed in 
detail, for example, in United States Patent No. 
5,528,118 (Japanese Patent Application Laid-open No. 



8-166475), a content of which is incorporated herein by 
reference within a range of penmission of the domestic 
laws and ordinances of the state designated or selected 
In this international application. The reaction force, 
which is generated in accordance with the movement of 
the mask stage MST, may be mechanically released to 
the floor (ground) by using a frame member so that the 
reaction force is not transmitted to the projection optical 
system PL. The method for handling the reaction force 
is disclosed in detail, for example, in United States Pat- 
ent No, 5,874,820 (Japanese Patent Application Laid- 
open No. 8-330224), a content of which is incorporated 
herein by reference within a range of permission of the 
domestic laws and ordinances of the state designated 
or selected in this international application. 
[0106] As described above, the exposure apparatus 
EX according to the embodiment of the present inven- 
tion is produced by assembling the various subsystems 
including the respective constitutive elements as de- 
fined in claims so that the predetermined mechanical ac- 
curacy, the electric accuracy, and the optica! accuracy 
are maintained. In order to secure the various accura- 
cies, those performed before and after the assembling 
include the adjustment for achieving the optical accura- 
cy for the various optical systems, the adjustment for 
achieving the mechanical accuracy for the various me- 
chanical systems, and the adjustment for achieving the 
electric accuracy for the various electric systems. The 
steps of assembling the various subsystems into the ex- 
posure apparatus include, for example, the mechanical 
connection, the wiring connection of the electric circuits, 
and the piping connection of the air pressure circuits in 
correlation with the various subsystems. It goes without 
saying that the steps of assembling the respective indi- 
vidual subsystems are performed before performing the 
steps of assembling the various subsystems into the ex- 
posure apparatus. When the steps of assembling the 
various subsystems into the exposure apparatus are 
completed, the overall adjustment is performed to se- 
cure the various accuracies as the enfire exposure ap- 
paratus. It is desirable that the exposure apparatus is 
produced in a clean room in which, for example, the tem- 
perature and the cleanness are managed. 
[0107] As shown in Fig. 15, the microdevice such as 
the semiconductordevice Is produced by performing, for 
example, a step 201 of designing the function and the 
performance of the microdevice, a step 202 of manufac- 
turing a mask (reticle) based on the designing step, a 
step 203 of producing a substrate as a base material for 
the device, an exposure process step 204 of exposing 
the substrate with a pattern of the mask by using the 
exposure apparatus EX of the embodiment described 
above, a step of assembling the device (including a dic- 
ing step, a bonding step, and a packaging step) 205, 
and an inspection step 206. 
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INDUSTRIAL APPLICABILITY 

[0108] According to the present Invention, It Is possi- 
ble to avoid the change of the environment for the ex- 
posure process and the scattering of the liquid to the 
surroundings. Therefore, it is possible to avoid the de- 
crease in the exposure process accuracy which would 
be othenwise caused by the environmental change and 
the liquid scattering, and it is possible to produce the 
device having desired performance. The substrate, to 
which the liquid and the foreign matters are not adhered, 
can b& fed from the exposure apparatus. Therefore, it 
is possible to produce the device having desired per- 
formance. 



Claims 

1. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 
prising: 

a projection optical system which projects the 
image of the pattern onto the substrate; 
a connecting section which is connected to a 
processing apparatus for processing the ex- 
posed substrate; and 

a liquid-removing unit which removes the liquid 
adhered to the substrate before the substrate 
is transported to the processing apparatus 
^ through the connecting section. 

2. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 
prising: 

a projection optical system which projects the 

image of the pattern onto the substrate; 

a liquid-removing unit which removes the liquid 

adhered to the substrate; 

a first transport member which transports the 

exposed substrate to the liquid-removing unit; 

and 

a second transport member which transports, 
from the liquid-removing unit, the substrate 
from which the liquid has been removed by the 
liquid-removing unit. 

3. The exposure apparatus according to claim 2, 
wherein at least a part of a surface of the first trans- 
port member Is liquid-repellent. 

4. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 
prising: 



a projection optical system which projects the 
image of the pattern onto the substrate; 
a transport system which transports the ex- 
posed substrate; and 
5 a liquid-removing unit which is provided on a 

transport passage for the substrate and which 
removes the liquid adhered to the substrate, 
wherein: 

10 the liquid-removing unit has a cover which 

covers at least a part of surroundings of the 
substrate so that the liquid is prevented 
from being scattered when the liquid Is re- 
moved. 

15 

5. The exposure apparatus according to claim 4, 
wherein the cover mechanism includes a chamber. 

6. The exposure apparatus according to any one of 
20 claims 1 , 2, and 4, wherein the liquid-removing unit 

includes a washing unit which washes the substrate 
after the exposure, and a washing liquid adhered to 
the substrate is removed after the substrate is 
washed by the washing unit. 

25 

7. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 
prising: 

30 

a projection optical system which projects the 
image of the pattern onto the substrate; 
a substrate stage which holds the substrate; 
and 

35 a liquid-removing unit which removes the liquid 

adhered to the substrate before the exposed 
substrate is exported from the substrate stage. 

8. The exposure apparatus according to any one of 
40 claims 1,2,4, and 7, wherein the substrate, to which 

the liquid is adhered, is transported while being in- 
clined by a predetermined angle with respect to a 
horizontal plane after the exposure. 

45 9. The exposure apparatus according to any one of 
claims 1, 2, 4, and 7, wherein the liquid-removing 
unit sucks the liquid on the substrate. 

10. The exposure apparatus according to any one of 
50 claims 1, 2, 4, and 7, wherein the liquid-removing 

unit dries the liquid on the substrate. 

11. The exposure apparatus according to any one of 
claims 1, 2, 4, and 7, wherein the liquid-removing 

55 unit blows off the liquid on the substrate. 

12. The exposure apparatus according to claim 11, 
wherein the liquid-removing unit includes a rotating 
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mechanism which rotates the substrate to which the 
liquid is adhered. 

13. The exposure apparatus according to any one of 
claims 1, 2, 4, and 7, wherein the liquid-removing 
unit inclines the substrate to which the liquid is ad- 
hered. 

14. The exposure apparatus according to any one of 
claims 1, 2, 4, and 7, wherein the liquid-removing 
unit removes the liquid adhered to both surfaces of 
the substrate. 

15. The exposure apparatus according to any one of 
claims 1, 2, 4, and 7, wherein the liquid-removing 
unit removes the liquid adhered to a back surface 
of the substrate. 

16. The exposure apparatus according to any one of 
claims 1,2.4, and 7, further comprising a liquid sup- 
ply unit which supplies the liquid, and a liquid recov- 
ery unit which recovers the liquid supplied by the 
liquid supply unit, wherein the liquid-removing unit 
removes the liquid which is not recovered by the liq- 
uid recovery unit and which remains on a substrate 
surface after completion of the exposure for the 
substrate. 

17. The exposure apparatus according to claim 16, fur- 
ther comprising a first holding member which holds 
the substrate, and a second holding member which 
holds another substrate, wherein the liquid-remov- 
ing unit removes the liquid adhered to the substrate 
held by one of the holding members during the ex- 
posure for the substrate held by the other holding 
member. 

18. The exposure apparatus according to any one of 
claims 1,2,4, and 7, further comprising a first hold- 
ing member which holds the substrate, and a sec- 
ond holding member which holds another sub- 
strate, wherein the liquid-removing unit removes 
the liquid adhered to the substrate held by one of 
the holding members during the exposure for the 
substrate held by the other holding member. 

19. The exposure apparatus according to claim 1, fur- 
ther comprising a substrate stage, wherein the liq- 
uid-removing unit is provided in the substrate stage. 

20. The exposure apparatus according to claim 7, 
wherein the liquid-removing unit is provided in the 
substrate stage. 

21 . An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 
prising: 



a projection optical system which projects the 
image of the pattern onto the substrate; 
a transport system which transports the ex- 
posed substrate; and 
5 a liquid-processing mechanism which process- 

es the liquid fallen from the substrate after the 
exposure and which is arranged under at least 
a part of a transport passage for the substrate. 

10 22. The exposure apparatus according to claim 21, 
wherein the liquid-processing mechanism Includes 
a gutter member which is arranged under at least a 
part of the transport passage, and a discharge 
mechanism which discharges the liquid recovered 

15 by the gutter member. 

23. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 

20 prising: 

a projection optical system which projects the 
image of the pattern onto the substrate; and 
a washing unit which washes the exposed sub- 
25 strate before the substrate is exported to a 

processing apparatus which processes the ex- 
posed substrate. 

24. The exposure apparatus according to claim 23, 
30 wherein the washing unit washes the substrate by 

using a washing liquid. 

25. The exposure apparatus according to claim 23. 
wherein the washing unit is provided in a transport 

35 passage for the substrate to be transported after the 
exposure. 

26. The exposure apparatus according to any one of 
claims 23 to 25, wherein the liquid is different from 

40 water. 

27. An exposure apparatus for transferring an image of 
a pattern via a liquid onto a substrate to expose the 
substrate therewith, the exposure apparatus com- 

45 prising: 

a projection optical system which projects the 
image of the pattern onto the substrate; 
a first transport member which transports the 
50 substrate to which the liquid is adhered; and 

a second transport member which transports 
the substrate to which the liquid is not adhered. 

28. The exposure apparatus according to claim 27, fur- 
55 ther comprising a liquid-removing unit which re- 
moves the liquid for the exposure existing on the 
substrate, wherein the first transport member trans- 
ports, to the liquid-removing unit, the substrate to 
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which the liquid Is adhered. 

29. The exposure apparatus according to claim 27, 
wherein a surface of at least a part of the first trans- 
port member is liquid-repellent. 



37. The exposure system according to claim 36, where- 
in the processing apparatus includes at least one of 
a coating unit which coats a base member of the 
substrate with photosensitive material, and a devel- 
5 oping unit which develops the exposed substrate. 



30. The exposure apparatus according to claim 27, fur- 
ther comprising a liquid-processing mechanism 
which processes the liquid fallen from the substrate 
and which is arranged under at least a part of a io 
transport passage for the substrate to be transport- 
ed by the first transport member. 

31. An exposure apparatus for exposing a substrate by 
radiating an exposure light beam onto the substrate 15 
via a liquid, the exposure apparatus comprising: 

a first holding member which is movable while 
holding the substrate; 

a second holding member which is movable 20 
while holding another substrate; and 
a liquid-removing unit which removes the liquid 
adhered to the substrate for which the exposure 
is completed and which is held by the second 
holding member when the substrate, which is 25 
held by the first holding member, is subjected 
to the exposure. 

32. A method for producing a device, comprising using 
the exposure apparatus as defined In any one of 
claims 1, 2. 4, 7, 21, 23, 27, and 31. 

33. A liquid-removing apparatus to be used together 
with an exposure apparatus for transferring an im- 
age of a pattern via a liquid onto a substrate to ex- 35 
pose the substrate therewith, the liquid-removing 
apparatus comprising: 

a holding section which holds the exposed sub- 
strate; and ^0 
a liquid-removing mechanism which removes 
* the liquid for the exposure existing on the sub- 
strate. 



34. The liquid-removing apparatus according to claim 45 
33, further comprising a cover which sunrounds the 
liquid-removing mechanism. 

35. The liquid-removing apparatus according to claim 

33 or 34, further comprising a transport unit which 50 
transports the substrate to the holding section. 

36. An exposure system comprising: 

the exposure apparatus as defined in any one 55 
of claims 1, 2. 4. 7. 21, 23. 27, and 31; and 
a processing apparatus which processes an 
exposed substrate. 
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